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METHODS AND APPARATUSES FOR MECHANICAL AND CHEMICAL- 
MECHANICAL PLANARIZATION OF MICROELECTRONIC-DEVICE 
SUBSTRATE ASSEMBLIES ON PLANARIZING PADS 

TECHNICAL FIELD 

The present invention relates to methods and apparatuses for 
planarizing microelectronic-device substrate assemblies, and to methods for 
mechanical and chemical-mechanical planarization of such substrate assemblies 
on planarizing pads. 

BACKGROUND OF THE INVENTION 

Mechanical and chemical-mechanical planarizing processes 
("CMP") are used in the manufacturing of electronic devices for forming a flat 
surface on semiconductor wafers, field emission displays and many other 
microelectronic-device substrate assemblies. CMP processes generally remove 
material from a substrate assembly to create a highly planar surface at a precise 
elevation in the layers of material on the substrate assembly. 

Figure 1 schematically illustrates an existing web-format 
planarizing machine 10 for planarizing a substrate 12. The planarizing machine 
10 has a Support table 14 with a top-panel 16 at a workstation where an operative 
portion (A) of a planarizing pad 40 is positioned. The top-panel 16 is generally a 
20 rigid plate to provide a flat, solid surface to which a particular section of the 
planarizing pad 40 may be secured during planarization. 

The planarizing machine 10 also has a plurality of rollers to guide, 
position and hold the planarizing pad 40 over the top-panel 16. The rollers 
include a supply roller 20, first and second idler rollers 21a and 21b, first and 
25 second guide rollers 22a and 22b, and a take-up roller 23. The supply roller 20 
carries an unused or pre-operative portion of the planarizing pad 40, and the 
take-up roller 23 carries a used or post-operative portion of the planarizing pad 
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The planarizing solutions 44 used with the non-abrasive planarizing pads are 
typically CMP slurries with abrasive particles and chemicals to remove material 
from a substrate. 

To planarize the substrate 12 with the planarizing machine 10, the 
5 carrier assembly 30 presses the substrate 12 against the planarizing surface 42 of 
the planarizing pad 40 in the presence of the planarizing solution 44. The drive 
assembly 35 then orbits the substrate holder 32 about the offset axis B-B to 
translate the substrate 12 across the planarizing surface 42. As a result, the 
abrasive particles and/or the chemicals in the planarizing medium remove 
10 material from the surface of the substrate 12. 

CMP processes should consistently and accurately produce a 
uniformly planar surface on the substrate assembly to enable precise fabrication 
of circuits and photo-patterns. During the fabrication of transistors, contacts, 
interconnects and other features, many substrate assemblies develop large "step 
15 heights" that create a highly topographic surface across the substrate assembly. 
Yet, as the density of integrated circuits increases, it is necessary to have a planar 
substrate surface at several stages of processing the substrate assembly because 
non-uniform substrate surfaces significantly increase the difficulty of forming 
sub-micron features. For example, it is difficult to accurately focus photo- 
20 patterns to within tolerances approaching 0.1 um on non-uniform substrate 
surfaces because sub-micron photolithographic equipment generally has a very 
limited depth of field. Thus, CMP processes are often used to transform a 
topographical substrate surface into a highly uniform, planar substrate surface. 

In the competitive semiconductor industry, it is also highly 
25 desirable to have a high yield in CMP processes by quickly producing a 
uniformly planar surface at a desired endpoint on a substrate assembly. For 
example, when a conductive layer on a substrate assembly is under-planarized in 
the formation of contacts or interconnects, many of these components may not be 
electrically isolated from one another because undesirable portions of the 



4 



conductive layer may remain on the substrate assembly over a dielectric layer. 
Additionally, when a substrate assembly is over planarized, components below 
the desired endpoint may be damaged or completely destroyed. Thus, to provide 
a high yield of operable microelectronic devices, CMP processing should quickly 
5 remove material until the desired endpoint is reached. 

The web-format machine 10 produces good results in applications 
that use a stationary planarizing pad 40 and orbit the substrate assembly 12 about 
the offset axis B-B. One problem of CMP processing that the planarizing 
machine 10 addresses is the center-to-edge planarizing profile produced by 
10 conventional planarizing machines that have a rotating platen and a substrate 
holder that rotates about the center point of the substrate. In conventional 
rotating platen machines, the rotation of both the planarizing pad and the 
substrate holder causes the relative velocity between the substrate assembly and 
the pad to be consistendy higher at the perimeter of the substrate assembly than 
15 the center. The polishing rate accordingly varies from the center of the substrate 
assembly to the perimeter causing a center-to-edge planarizing profile. The web- 
format machine 10 reduces the center-to-edge planarizing profile by orbiting the 
substrate holder 32 about the offset axis B-B and holding the planarizing pad 40 
stationary to reduce the difference in relative velocity between the substrate 
20 assembly 12 and the pad 40 across the surface of the substrate assembly 12. 

The web-format planarizing machine 10 also produces highly 
planar surfaces when substrate assemblies are planarized on a fixed-abrasive 
planarizing pad 40 and a "clean" planarizing solution 44, i.e., a planarizing 
solution without abrasive particles. Because the abrasive particles are fixedly 
25 bonded to the pad 40, the particles cannot agglomerate in the planarizing solution 
or accumulate on the planarizing surface in waste matter accumulations. The 
fixed distribution of abrasive particles on the pad also provides a desired 
distribution of abrasive particles under the substrate assembly that is not a 
function of the distribution of the planarizing solution under the substrate 
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assembly. Thus, the planarizing machine 10 is particularly useful in applications 
that orbit a substrate across a stationary fixed-abrasive pad in the presence of a 
clean planarizing solution. 

Although the web-format planarizing machine 10 is particularly 
5 useful for fixed-abrasive applications with clean planarizing solutions, it may 
also be desirable to use the web-format machine 10 with non-abrasive 
planarizing pads and slurries having abrasive particles. One reason for using the 
planarizing machine 10 with non-abrasive pads and abrasive slurries is that fixed- 
abrasive planarizing pads and clean planarizing solutions may not be available 
10 for the structures and chemistries required for many CMP applications. For 
example, fixed-abrasive pads and clean solutions used to planarize a metal layer 
of aluminum, copper, tungsten, or titanium in the formation of highly conductive 
interconnects are not widely available for the web-format machine 10. Thus, 
many CMP applications may require the use of web-format machines 10 with 
15 non-abrasive pads and abrasive slurries. 

One drawback of CMP, and particularly the planarizing machine 
10, is that it is difficult to planarize metal layers using non-abrasive pads and 
abrasive slurries. CMP of metal layers generally involves oxidizing the surface of 
the metal layer with oxidants in the slurry, and removing the oxidized metal ions 
20 from the metal layer with the abrasive particles in the slurry. The metal ions 
removed from the substrate 12, however, may become reattached to the substrate 
12 where they can create current leakage paths or other defects. In applications 
with high ionization rates or in which the slurry accumulates on the polishing 
pad, the likelihood that metal ions will reattach to the substrate surface increases 
25 because the concentration of metal ions in the slurry increases. Thus, planarizing 
metal layers using the web-format planarizing machine 10 or machines having 
slow moving polishing pads may cause significant defects that reduce the yield of 
operable microelectronic devices. 
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Another drawback of planarizing substrate assemblies using non- 
abrasive pads and abrasive slurries is that the abrasive particles may accumulate 
on the pad or agglomerate in the slurry. These problems are particularly present 
when planarizing metal layers on the stationary pad of the web-format 
5 planarizing machine 10. The accumulations of abrasive particles on the 
planarizing pad 40 typically alter the abrasiveness of the planarizing pad, and 
thus they also alter the consistency of the polishing rate across the planarizing 
pad. Additionally, the agglomerations of the abrasive particles in the slurry may 
alter the abrasiveness of the slurry. In extreme cases, the agglomerations of the 
10 abrasive particles in the slurry may scratch the surface of the substrate 12. 
Therefore, the web-format planarizing machine 10 may not produce sufficiently 
planar substrate assemblies and/or may produce defects in the substrate 
assemblies when planarizing metal layers with non-abrasive planarizing pads and 
abrasive slurries. : 

1 5 SUMMARY OF THE INVENTION 

The present invention is directed toward apparatuses and methods 
for planarizing a microelectronic-device substrate assembly on a planarizing pad. 
In one aspect of the invention, material is removed from the substrate assembly 
by pressing the substrate assembly against a planarizing surface of a planarizing 
20 pad and moving the substrate assembly across the planarizing surface through a 
planarizing zone. The method also includes replacing at least a portion of a used 
volume of planarizing solution on the planarizing surface with fresh planarizing 
solution during the planarization cycle of a single substrate assembly. The used 
planarizing solution can be replaced with fresh planarizing solution by actively 
25 removing the used planarizing solution from the pad with a removing unit and 
depositing fresh planarizing solution onto the pad in the planarizing zone. The 
used planarizing solution, for example, can be removed either while the substrate 
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assembly is moved through the p.anarizing zone, or between p.anarizing stagcs 
of a multi-stage planarizing process. 

In another aspect of the invention, a planarizing machine for 
plananzmg microelectronic-device substrate assemblies includes a table with a 
support panel, a planarizing pad attached to the support panel to remain 
stattonary during a planarizing cycle, and a catrier assembly having a substrate 
holder positionable over the planarizing pad. The planarizing pad has a 
planartzmg surface facing away from the support pane t ^ „ e canier 
has a planarizing solution dispenser ,„ dispense a fresh planarizmg solution onto 
the planarizing surface. The earner assembly ttausla.es the substrate assembly 
over the planarizing zone of the planarizing surface during a planarizing cycle 
and the substrate assembly pushes used planarizing solution deposited onto the 
plananzmg pad into one or more accumulation zones on the pad The 
plananzmg machine also includes a planarizing removing unit a. the 
15 acoummauon zone ,„ actively remove used p.anarizing solution from the 
accumulation zone on the stationary planarizing pad. 

BRIEF DESCRIPTION OF THE DRAWINGS 

_ Figure J is a schematic side elevationaJ view of a web-fonnat 
plananzmg machine in accordance with the prior art. 
20 Figure 2 is a schematic isometric view partially illustrating a web- 

fomta, p.anarizing machine with a planarizing solution removing tmi, m 
accordance with an embodiment of the invention. 

Figure 3 is a schematic cross-sectional view partially illustrating a 
mtcroelecttonic-device substrate assembly being planarized a, one stage of a 
method in accordance with an embodiment of the invention. 

Figure 4 is a schematic isometric view partially illustrating a web- 
fonna, planarizmg machine with another p.anarizing solution removing unit in 
accordance with another embodiment of the invention. 



s 



Figure 5 is a schematic isometric view partially illustrating still 
another web-forma, planarizing machine with a continuous planarizing solution 
removmg unit in accordance with still another embodiment of the invention. 

Figure 6 is a schematic cross-sectional view of the web-format 
5 planarizing machine of Figure 5. 

Figure 7 is a schematic isometric view partially illustrating yet 
another web-forma, planarizing machine with another planarizing solution 
removmg unit in accordance with another embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

The present disclosure describes planarizing machines and methods 
for mechanical and/or chemical-mechanical planarizing of substrate assemblies 
used m the fabrication of microelectronic devices. Many specific details of 
certam embodiments of me invention are set fort, in the following description 
and n, F.gnres 2-7, to provide a thorough understanding of the embodiments 
15 descnbed herein. One skfl.ed in the art, however, will understand that the 
present mvention may have additional embodiments, or mat the invention may be 
practtced without several of the details described in the following description. 

Figure 2 is a schematic isometric view partially illustrating a web- 
format planarizing machine 1 10 for planarizing a substrate 12 in accordance with 
20 one embodiment of the invention. The planarizing machine 1 10 has a table 14 
wtth a top-panel 16, a carrier assembly 30 for carrying the substrate 12 and an 
operas portion of a web-fonmt planarizing pad 40 on the top-pane. 16 The 
plananzmg pad 40 also generally has preoperative and post-operative portions 
wrapped around supply and take-up rollers (not shown in Figure 2) The earner 
25 assembly 30, the planarizing pad 40 and the supp.y and take-up rollers can be 
stmtlar to those described above with respect to the planarizing machine ,0 in 
Figure 1. The planarizing pad 40 accordingly remains stationary during 
planartzation, and a planarizing fiuid 44 flows through a plurality ofnozz.es 33 
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onto the planarizing surface 42 of the planarizing pad 40. Unlike the planarizing 
machine 10, however, the web-format planarizing machine 110 also includes a 
removing unit 180 for actively removing used planarizing solution from the 
planarizing pad 40. 

5 The embodiment of the removing unit 180 shown in Figure 2 has 

an actuator 182 attached to the gantry 34 and a rotating brush 184 coupled to the 
actuator 182. The brush 184 is generally a non-abrasive brush with a plurality of 
bristles 185. In a preferred embodiment, the bristles 185 are approximately 
0.125-0.5 inch strands of polyvinyl alcohol or other suitable materials that do not 
10 abrade or scratch the planarizing pad 40. The bristles 185 are also preferably 
packed together in a high density. In alternative embodiments (not shown), the 
brush 184 can be a fixed brush with bristles that project downward from an arm 
coupled to the actuator 182, or a wiper blade can be attached to the arm. 

In operation, the carrier assembly 30 lifts the substrate 12 from the 
15 pad 40, and then the actuator 182 rotates the brush 184 (arrow R) and sweeps the 
brush 184 (arrow S) across the planarizing surface 42. The actuator 182 
preferably sweeps the brush 184 across the pad 40 in a direction counter to the 
rotation R of the brush 184 at the planarizing surface 42. As the actuator 182 
sweeps the brush 184 across the planarizing surface 42, the bristles 185 wipe 
20 used planarizing solution on the planarizing surface 42 into a trough 186 (arrow 
W) to remove used planarizing solution from the pad 40. The trough 186 
channels the planarizing solution removed from the pad (arrow D) to a reservoir 
(not shown). 

One method for operating the planarizing machine 1 10 is a multi- 
25 stage planarizing process in which a planarizing cycle of a single substrate has a 
first stage to remove material from the substrate 12 to an intermediate level, a 
cleaning stage to remove used or residual planarizing solution from the pad 40, 
and a second stage to remove additional material from the substrate 12 with fresh 
planarizing solution 44. At the first-stage of the planarizing process, the carrier 
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assembly 30 presses tire substrate 12 against planarizing surface 42 and moves 
*e substrate 12 through a planarizing .one 46 until tire surface of tire substrate 
12 reaches an intermediate point prior to the final desired endpoin, of the 
substrate 12. During the first-stage of the planarizing process, an initial batch of 
5 planarizing solution 44 flows through the nozzles 33 onto tire pad 40 and the 
substrate 12 pushes a, leas, a portion of tire initial batch of p.anarizing solution 
44 ou, of the planarizing zone 46 and into outer and inner accumulation zones 
48a and 48b. Since tire pad 40 is stationary, a portion of tire used planarizing 
solution 44 in the accumulation zones 48a and 48b flows back into the areas of 
10 the planarizing zone 46 tha, are no, occupied by the subs«ra,e assembly 12 Tie 
characteristics of the p lanari2illg soIution 44 fa ^ ^ ^ 

accordingly change throughout the firs, s«age of tire planarizing process because 
restdual materials from the substrate 12, the pad 40, and/or the p.anarizing 
soluuon 44 accumulate in the used planarization so.ution. Thus, the duration of 
15 tire firs, stage of tire process is generatiy less titan tire time i, takes to alter the 
plananznrg properties of the planarizing solution ,o a point a, which tire 
plananzmg solution does no, provide consisten, resuhs. To restore the 
planarizing solution to a suitab.e state, the firs, stage of the planarizing cycle is 
ternunated and the used planarizing solution 44 is removed from the pad 40 by 
20 sweeping the routing bntsh 184 across the p.anarizing surface 42, as described 
above. 

The carrier assembly 30 then commences the second stage of tire 
plananztng process for tite substrate ,2 by depositing new or additional 
Planarizing so.ution 44 „„,„ Ae planarizing surfacc n fQ ^ ^ ^ 
25 p.ananzmg solution tha, was removed by the brush .84. The carrier assembly 30 
also translates tire substrate ,2 through tire p.anarizing zone 46 in the presence of 
tire fresh planarizing solution 44 until the final endpoin, of tire substrate 
assembly is reached. The second s,age of tire p.anarizing cycle is generally much 
shorter than the firs, stage, but the second stage may be approximately equal to 
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«he iengm of the fc, stage or even )onger ^ ^ ^ rf ^ ^ 
Addmonafiy, the multi-stoge process for operating me planari2ing w 
may have more than two planarizing stages and more man one cIeming ^ 

The planarizing machine 110 and the multi-stage planarizing 
5 process for planarizing me snbstrate 12 on the p.anarizing machine 110 are 
particularly well suited for forming damascene interconnect toes or Cher metal 
structures on a substrate assembly. Figure 3 is a schematic cross-sectional view 
of formmg damascene interconnect lines on the substrate 12 during me first stage 
of the multi-stage process described above. In mis particular embodiment, the 
10 substrate 12 has a dielectric layer 13 with a plurality of grooves 15 tha, are filled 
by a metal cover layer .7. The metal cover layer 17 can be composed of 
alummum, copper, tungsten, titanium, titanium nitride or omer suitable metaJs 
When the metal layer 17 is composed of aluminum, the substrate assembly 12 is 
preferably planariad using either a conventional CMP slurry or a fixed-abtasive 
15 pad having alumina abrasive particles 45. 

The first stage of the two-stage process involves translating the 
alummum cover layer .7 of the substrate 12 across the planarizing surface 42 for 
approximately 60-200 seconds, and preferably for approximately 100 seconds 
The planarizing solution 44 typical.y oxidizes the surface of the cover layer 17 
20 and the ajumina abrasive particles 45 remove the oxidized portion of the cover 
•ayer .7. The ionic form of the metal cover .ayer 17 accordingly enters the 
Planarizing solution 44. As me firs, stage proceeds, the used planarizing solution 
accumulates on the pad causing the concentration of metal ions in the solution to 
mcrease. The firs, stage of the process, however, is terminated before the ionic 
strengti, of the planarizing solution reaches a threshold level a, which me metal 
tons m the planarizing solution can become significantly reattached ,„ me surface 
of the substrate .2. The firs, stage is also terminated before the ionic sttengm of 
me planarizing solution reaches a mreshold a, which ,he alumina abrasive 
parttc.es accumu.a.e on me pad 40 or significan.ly agglomera.e in me p.anarizing 
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solution 44. The used planarizing solution 44 on the planarizing pad 40 from the 
first stage is then removed with the brush 184, as described above with respect to 
Figure 2. 

The second stage of the two-stage process then commences by 
5 depositing fresh planarizing solution 44 onto the planarizing surface 42 to 
replace the used planarizing solution 44 with a planarizing solution having a 
lower ionic strength. The second stage of the process also involves moving the 
substrate 12 across the planarizing surface for approximately 20-60 seconds, and 
preferably for approximately 50 seconds. The second stage generally continues 
10 until the surface of the substrate 12 is at a final endpoint E at which the 
aluminum in the grooves 15 forms damascene lines that are electrically isolated 
from one another by the dielectric layer 13. 

The planarizing machine 110 and the multi-stage method of 
planarizing the substrate assembly 12 provide good results for planarizing metal 
15 layers using stationary non-abrasive pads and abrasive slurries, and also with 
fixed-abrasive pads and clean solutions. One aspect of the invention is the 
recognition that metal ions removed from the substrate tend to redeposit back 
onto the substrate when the ionic strength of the solution increases to a threshold 
where the electrostatic charge between the substrate and the slurry attracts the 
20 metal ions back to the surface of the substrate. The multi-stage process 
maintains the ionic strength of the planarizing solution on the planarizing pad 
below such a threshold by removing an initial batch of used planarizing solution 
from the planarizing pad before the ionic strength of the solution reaches such a 
threshold, and then depositing a new batch of planarizing solution at a lower 
25 ionic strength to continue planarizing the substrate. The multi-stage process may 
accordingly have more than two stages because it may be necessary to use three 
or more new batches of planarizing solution on the planarizing pad to maintain 
the ionic strength of the planarizing solution below such a threshold level. 
Therefore, the planarizing machine 1 10 and the multi-stage process for operating 
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the planarizing machine 1 10 is expected to substantially prevent redeposition or 
reattachment of metal ions back onto the substrate 12. 

The planarizing machine 110 and the multi-stage method for 
operating the planarizing machine 110 also provide good results for CMP of 
metal layers because the ionic strength of the slurry can be maintained below the 
threshold level at which abrasive particles agglomerate in the slurry or 
accumulate on the planarizing pad. Another aspect of the invention is the 
recognition that the increase in the ionic strength of the planarizing solution 
causes the abrasive particles in the slurry to accumulate on the pad and 
agglomerate in the slurry. The multi-stage process for operating the planarizing 
machine 110 prevents the ionic strength of the planarizing solution from 
increasing to such a threshold. Therefore, the planarizing machine 110 and the 
multi-stage method for operating the planarizing machine 1 10 are also expected 
to enhance the consistency of the slurry. 
15 Figure 4 is a schematic isometric view partially illustrating a 

planarizing machine 210 with a planarizing solution removing unit 280 for 
intermittently removing used planarizing solution 44 from the pad 40 in 
accordance with another embodiment of the invention. In this embodiment, the 
removing unit 280 has an actuator 282 attached to the gantry 34 and a vacuum 
20 assembly'284 coupled to the actuator 282. The vacuum assembly 284 has an 
elongated nozzle 285 that rests upon the planarizing surface 42. The vacuum 
assembly 284 can also have a vacuum source (not shown) coupled to the nozzle 
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In operation, the actuator 282 sweeps the nozzle 285 across the 
25 planarizing surface 42 as the vacuum source draws a vacuum through the nozzle 
285. The vacuum assembly accordingly sucks the used planarizing solution 44 
from the pad 40. The planarizing machine 210 is preferably used between stages 
of a multi-stage planarizing process as described above. For example, the 
substrate 12 is planarized on the planarizing surface 42 to an intermediate point 



14 



20 



25 



during a first stage, and then the carrier assembly 30 lifts the substrate assembly 
12 from the planarizing surface 42 so that the vacuum assembly 284 can sweep 
across the planarizing surface and remove the used planarizing solution 44 from 
the planarizing pad 40. After the vacuum assembly 284 is cleared from the 
5 planarizing zone 46, the carrier assembly 30 reengages the substrate 12 with the 
planarizing surface 42 and deposits fresh planarizing solution onto the 
planarizing pad 40 to perform the second stage of the process in which additional 
material is removed from the substrate 12 to the final endpoint It is expected 
that the advantages of the planarizing machine 210 with the removing unit 280 
10 are substantially the same as those described above with respect to the 
planarizing machine 110 with the removing unit 180. 

Figure 5 is a schematic isometric view partially illustrating a 
planarizing machine 310, and Figure 6 is a schematic cross-sectional view of the 
planarizing machine 310, in accordance with another embodiment of the 
invention. The planarizing machine 310 has a supply roller 20, a take-up roller 
23, and a carrier assembly 30 as described above. The planarizing machine 310 
also has a planarizing pad 340 with a planarizing surface 342 including a 
plurality of holes 343 in the accumulation zone 48a. The planarizing machine 
310 also has a removing unit 380 including a plurality of holes 384 in the panel 
16 coupled to a common conduit 386. A vacuum source 387 can be coupled to 
the conduit 386 and the holes 384 via a valve 388. 

The planarizing machine 310 can be operated in a multi-stage 
process as described above, or it can be operated in a continuous process in 
which used planarizing solution in the accumulation zone 48a is drawn through 
the holes 343 and 384 by the vacuum 387 to remove the used planarizing 
solution 44 from the planarizing pad while the substrate 12 is being planarized. 
The rate at which the removing unit 380 draws the used planarizing solution 
through the holes 343 is preferably controlled to maintain the planarizing 
characteristics of the planarizing solution at a desired level. For example, in the 
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case of metal CMP, the carrier assembly 30 deposits fresh planarizing solution 
44 and the removing unit 380 removes used planarizing solution in a manner that 
maintains the ionic charge of the planarizing solution on the planarizing pad 340 
below the threshold at which ions significantly redeposit onto the substrate 12 or 
5 the threshold at which abrasive particles significantly agglomerate in the 
planarizing solution or accumulate on the planarizing pad 40. 

In an alternative embodiment, the planarizing pad 340 also has a 
plurality of holes 345 in the inner accumulation zone 48b, and the removing unit 
380 has a plurality of holes 385 under the inner accumulation zone 48b The 
10 removing unit 380 in this embodiment accordingly removes used planarizing 
solution from both the outer and inner accumulation zones 48a and 48b 
respectively, during planarization of the substrate 12. In still another 
embodiment, the planarizing pad 340 can be a porous planarizing pad without the 
holes 343 and 345/: In this embodiment, the vacuum draws the used planarizing 
15 fluid 44 through the pores of the planarizing pad and through the holes 384 and 
385 in the table 16. 

The planarizing machine 310 is also expected to provide good 
results for CMP of metal layers and other materials because it can continuously 
maintain the ionic strength of the planarizing solution on the planarizing pad 
20 below the threshold at which substrate materials substantially redeposit onto the 
substrate, or the threshold at which abrasive particles substantially agglomerate 
m the planarizing solution or substantially accumulate on the planarizing pad 
. Additionally, the planarizing machine 3 10 may provide continuous planarization 
of the substrate 12 without interrupting the planarizing cycle to intermittently 
25 remove used planarizing solution from the pad 40. Therefore, the planarizing 
machine 310 is expected to enhance the planarity of the finished substrates 
without increasing the time for the planarizing cycles. 

Figure 7 is a schematic isometric view partially illustrating a 
planarizing machine 410 for continuously planarizing the substrate 12 on the 
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plananzing pad 40 in accordance with another embodiment of the invention The 
plananzing machine 4,0 has a continuous removing unit 480 attached to an arm 
438 of the carrier assembly 30. The arm 438 is generally .onger man the arm 38 
Shown m Figure 2 such ma, the drive shaft 37 is attached to me mid-poin. of the 
arm 438. The removing unit 480 preferab.y has a shaft 484 attached ,o the arm 
438 a, an end opposite from the shaft 39 carrying the substrate ho!der 32 and a 
wipmg Cement 482 extending from the shaft 484 The wiping element 482 
extends transverse to the outer and inner accumulation zones 48a and 48b and 
*e wiping elemen, 482 is spaced apari from the substrate ,2. 
embodunent, the wiping element 482 is a rotating brush similar ,o ma, se, form 
above wim respec, ,o the p,anarizing machine , ,0. In anomer embodiment, me 
wiping e.emen, 482 is a vacuum assembiy wid, a nozz,e similar ,o ma, described 
above wtth respec, to me p.anarizing machine 2,0. In s ti„ anomer embodiment 
the wiping elemenfis a wiper blade. 

The planarizing machine 410 continuously removes used story 
from dm p.anarizing pad 40 as me substra,e ,2 is being p.anarized. More 
parucularly, me carrier assembly 30 ro,a,es die arm 438 ,o translate bodi me 
wiping e.emen, 482 and me substta.e ,2 across me p Ia narizi„g surface 42 of die 
pad 40. The wiping elemen, 482 continuously removes used p,anarized solution 
44 from a, ,eas, a portion of die accumulation zones 48a and 48b as die substtate 
.2 passes over new.y deposi.ed p,anarizi„g s„!ution 44 in me planarizing zone 

46. Furtiiennore, by mounting ,he substta.e holder 32 and die removing mii, 480 

a oppo site ends of ^ e „ 438 Ae subs(ra(e ^ ^ 

4 0 d0 „ ot m rfere ^ , he operation of each Mher ^ ^ 

4,0 according* provides good resuhs for CMP of metid ,ayers and odier 
ma,e„a,s using stationary non-abrasive pads and abrasive stories in a manner 
similar ,o tiia, discussed above wid, respec, ,o die planarizing machine 3,0 

Fr0m * e fo ^oin g i, will be apprecia,ed dia, aldiough specific 
enrolments of die invention have been described herein for p^oL of 
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illustration, various modifications may be made without deviating from the spirit 
and scope of the invention. Accordingly, the invention is not limited except as 
by the appended claims. 



